ABSTRACT: Iron(III) is sparsely soluble in aqueous solutions even in an acidic condition. The solubility of iron(III) can be enhanced by complexing it with saccharides. Iron-dextran and iron-sucrose have been used to treat iron-deficiency anaemia. This work investigates the enhancement of the solubility of iron(III) in aqueous solution by complexing it with polysaccharides from locally available starch. Iron(III) was complexed with cassava and arrowroot starch and the state of iron(III) in the solutions was examined by UV-Vis spectrophotometry. The results showed that the solubility of iron(III) could be enhanced by cassava and arrowroot starch. It was asserted that these polysaccharides prevent the hydrolysis and precipitation of the iron(III) as iron-oxide. These finding might lead to an alternative treatment for iron-deficiency anaemia.
INTRODUCTION
Iron is a vital element for metabolic processes in organisms. Even though it is the fourth most abundant element on Earth, iron deficiency is one of the most common nutritional problems found in many countries. The problem is due to the low solubility of iron(III) (K sp of Fe(OH) 3 = 2.79 × 10 −39 ) 1 in aqueous solution leading to the low absorption of iron by the body. Iron(II) is more soluble in aqueous solutions than iron(III) but it is readily oxidized by oxygen in the air. Iron(III) interacts with polysaccharides to enhance the solubility or to form water-soluble compounds which are widely used in the treatment of iron deficiency anaemia [2] [3] [4] [5] . Imferon, Fe(III)-dextran, is a sample used for parenteral therapy [6] [7] [8] [9] . In addition, Fe(III)-polysaccharide interactions have proved to be useful for several industrial applications such as flotation and wastewater treatment 10 . This work studies the solubility enhancement of iron(III) by local starch (cassava and arrowroot starch) by determining the iron(III) dissolved in the aqueous solutions by UVVis spectrophotometry.
MATERIALS AND METHODS
Iron-cassava starch (Fe-CS) and iron-arrowroot starch (Fe-AS) were prepared according to our previous report 11 . Iron-dextran (Fe-DX), iron-sucrose (Fe-SU), and iron-oxide were prepared in this study for comparison. To prepare the iron-saccharide complexes, Fe-CS, Fe-AS, Fe-DX, and FE-SU, aqueous starch suspension (starch from local market), or sucrose (local market), or dextran (MW 15 000-20 000, Fluka) solution (saccharide 100 mg in 50 ml of distilled water) was heated at 90°C until the mixture was clear. Then 1 ml of 5 M NaOH was added into the mixture. A solution of 0.01 M FeCl 3 (Merck, Germany) was prepared by adding 90 mg of FeCl 3 (0.55 mmol) in 50 ml of distilled water. Then, the FeCl 3 solution was added into the hot mixture which was vigorously stirred and heated to 90°C for 10 min. A pH of 12 for the mixture was obtained. The mixture was then filtered (using a Whatman filter paper no. 1) and the filtrate was kept for further analysis. To prepare iron oxide, a solution of 0.05 M of FeCl 3 was prepared by adding 90 mg of FeCl 3 (0.55 mmol) into 100 ml of distilled water. Then 1 ml of 5 M NaOH was added into the solution which was vigorously stirred and heated for 10 min. A pH of 12 for the solution was obtained. The precipitate was then filtered off and the filtrate was kept for further analysis.
The solubility of iron(III) in the filtrate was determined by UV-Vis spectrophotometry using a Spectronic 20 UV-Vis spectrophotometer. Dilution of the www.scienceasia.org filtrate was needed if the iron(III) solution was too concentrated. All iron species in the solution were dissolved by adding 1 ml of 6 M HCl to 10 ml of the filtrate. After the reaction mixture was heated for 5 min, 1 ml of 0.5 M KSCN was added into 4 ml of the sample and the concentration of iron(III) was subsequently determined by UV-Vis spectrophotometry at 447 nm (the molar extinction coefficient of Fe(SCN) 2+ = 5 × 10 3 l cm −1 mol −1 at this wavelength 12 ).
RESULTS AND DISCUSSION
For this study, iron-sucrose and iron-dextran were chosen because they have been used for irondeficiency anaemia. Iron oxide was chosen as a reference. Iron(III) and the corresponding saccharide were mixed in a basic condition (pH 12) and then the solution or suspension was filtered. The filtrate obtained from iron oxide was colourless indicating the sparse solubility of iron(III) in water. The filtrate of iron-sucrose was pale yellow. In contrast, the colour of filtrates obtained from iron-cassava starch, ironarrowroot starch, or iron-dextran were orange, red, and brown, respectively. The measured absorbances of the iron(III) solutions of iron oxide and ironsucrose samples were lower than our detection limit, indicating that the concentration of iron(III) of both samples was less than 1 ppm. It was not surprising that the concentration of iron(III) in the iron oxide sample was very low (K sp of Fe(OH) 3 is 2.79 × 10 −39 ). However, it was surprising that the concentration of the iron(III) solution in the iron-sucrose sample was very low. It was probably that unidentified species in sucrose accelerated the hydrolysis of iron oxide species leading to the precipitation of iron(III). The concentrations of iron(III) in the iron-cassava starch (28 ppm), iron-arrowroot starch (42 ppm), and irondextran samples (53 ppm) could be apparently measurable which is consistent with the vivid colours of iron(III) in the solutions. It was concluded that cassava and arrowroot starch and dextran were able to stabilize iron(III) and enhance its solubility in the aqueous solution by providing multiple hydroxyl groups to bind to the surface of iron oxyhydroxide to prevent further hydrolysis and precipitation 3 . The local structures of iron-polysaccharides will be needed to explain this phenomenon.
CONCLUSIONS
The solubility of iron(III) in an aqueous solution can be successfully enhanced by complexing to cassava and arrowroot starch. These polysaccharides prevent the hydrolysis and precipitation of the iron(III) hydroxide. There is a potential application to use those compounds as an alternative treatment for irondeficiency anaemia.
